This paper describes the synthesis of a linear state observer based optimal control of ship electric propulsion using permanent magnet synchronous motor. The proposed approach is used for the ship speed control by measuring the stator current and the motor speed. This strategy of control is made possible by using a ship speed state observer. A numerical simulation study, applied to the global system, has confirmed the efficiency and the good performances of the proposed control law.
INTRODUCTION
The characterization of industrial processes leads, in most cases, to nonlinear models which are generally difficult to control. The study of such processes was generally used by a linearization leading to a linear model on which the linear arsenal of controls can be applied. These different control laws use often a state feedback. However the state vector is not always measurable, so it is necessary to use state observers.
The work presented in this paper concerns the modelisation of a ship electric propulsion system. The obtained global model is strongly nonlinear, coupled and presenting non measurable variables. Indeed, a linearization was firstly elaborated and the synthesis of a control law with state feedback, for the regulation of the stator current and the ship speed of the synchronous motor, was secondly designed.
This control strategy is carried out using a linear state observer allowing the ship speed reconstruction. This paper is organized as follows: the modeling of the different subsystems of the ship is developed in the section 2. The linearization model of the global system is elaborated in section 3. Section 4 is devoted to the optimal control development based on state observer and in section 5 simulation resultats are reported and discussed. Finally some conclusions ended this work.
MODELISATION OF THE ELECTRIC PROPULSION SYSTEM

Different Parts of the Ship Electric Propulsion System
An electric ship is generally composed by two principal parts ( Dallagi and Nejim, 2004 ).
-a first part ensuring the energy production using several alternators drived either by diesel motors, or by gas turbines. It feeds the board network and the propulsion equipment.
-a second part of electric propulsion composed by one or two electric motors, each one of them driving a fixed blade propeller.
Modelling of the Permanent Magnet Synchronous Motor
By the Park transformation, the voltage equations of the permanent magnet synchronous motor are written as follows (Grellet and Clerc, 2000) : 
The motor torque is given by:
The mechanical 
Hull Resistance
During displacement, the ship is confronted to several constraints among them, the sea state, conditioned by the climatic data which is a significant factor influencing the ship behaviour. The sea applies a resistance which is opposed to the ship moving forward. Thus, to study the ship movement, it is necessary, on the one hand, to model its displacement and, on the other hand, to know the constraints which are opposed to its movement as presented in the figure 1 ( Dallagi and Nejim, 2006) . The advance total resistance to is given by:
with:
R t : advance total resistance, R f : friction resistance, R W : waves resistance, R app : appendices resistance, R air : air resistance.
This modeling is based on the resistance tests of the ship. Thus, total resistance to advance can be represented by the sum of four resistances (4). It is obtained by applying different practical pulling tests on the similarity model Blank, 2001. Doutreleau and Codier, 2001 ).
Resistance to advance can be modeled by a function of the following form ( Dallagi and Nejim, 2006 ) :
with: v: ship speed, a: constant coefficient of the following curve. 
Equations of the Propeller
The model of propeller thrust can be written as follows (Fosen and Blanke, 2000 ) . ( Guo, Zheng, Wang and Shen, 2005) :
with T the propeller thrust given by: The model propeller torque can be written as follows:
with Q prop the propeller torque given by:
The coefficients K T and K Q given respectively by (6) and (8) (Devauchell, 1986) . (Lootsma, Izadi-Zamanabadi and Nijmeijer, 2002) :
and the advance speed is written as:
Coefficients K T and K Q can be represented by the affine lines having the following forms:
The substitution of equations (10), (11), (12) in (7) gives:
by replacing the equations (10), (11) (13) in (9), it yields:
The ship motion equation is given by (Fosen and Blanke 2000) :
Global Model of the Ship Electric Propulsion System
The global model of the ship electric propulsion using synchronous motor is represented by the following system.
with: 
The following figure gives the structure of the ship electric propulsion system and its different subsystems: 
LINEARIZATION OF THE SHIP ELECTRIC PROPULSION SYSTEM
An industrial system is often intended to operate in regulation mode, i.e. the system output has to track an imposed the reference signal despite of the various disturbances. Under these conditions, the use of nonlinear state representation for the purpose of control is not necessary. A linear local state representation is sufficient. The linearization of (17), around an operating point characterized by (x 0 , y 0 , u 0 ), is given by:
OPTIMAL CONTROL OF THE SHIP ELECTRIC PROPULSION
Principle of the Optimal Control
To obtain an optimal control law for the ship electric propulsion system, we minimize the following criterion (Toscano, 2005) . (Rachid and Mehdi, 1997 ( Corriou , 1996.) :
with: R a symmetric positive definite matrix, Q a symmetric non-negative definite matrix,
is the difference between the reference and the output vector. The control law is then given by:
is the reference vector.
. K is control gain matrix defined by:
. F is reference gain matrix given by:
with P the solution of the following Riccati equation:
The Ship Speed State Observer
To design the sate feedback optimal control law, it is necessary to reconstruct the ship speed v in order to be controlled. For this purpose, we propose a linear state observer using the output vector The structure a luenberger observer is given by (Stoorvogel , Saberi and Chen 1994) . ( Mieczarski, 1988) :
where: x is the output vector of the state observer L is the observer gain This structure can be written in this form:
with :
To have an asymptotic convergence of the observed state towards the real state, it is necessary to choose the gain L such that the matrix ) LC A ( − has negative real part eigen values. The control law using the state observer is presented as follows:
Figure 5: Observed state feedback control.
SIMULATION RESULTS SECOND SECTION
A digital simulation of the proposed control law with the designed state observer has been carried out with on the ship electric propulsion system using the following characteristics. The resolution of the Riccati equation (23) For the designed control, we impose i dref =0, so that the electromagnetic torque C e will be proportional to i q .
In order to control the ship speed v it is necessary to change the motor speed n through the stator component i q which modify the electromagnetic torque .
The performances of the proposed strategy control law are depicted in the figures 6, 7, 8 and 9. It appears from figure 6, that the proposed control law allows a convergence towards the desired value of the ship speed v. The figure 7 shows the behavior of the motor speed. It's clear that the ship speed changes where the variation of the propeller speed changes. Furthermore, we impose i dref =0, so the electromagnetic torque becomes proportional to statoric current i q . In order to control the motor speed n, one modify the electromagnetic torque C em by changing the stator current i q through the regulation of the voltage component v q. ( Grellet and Clerc,2000) . 
CONCLUSIONS
In this paper we have proposed an optimal control law using a Luenberger sate observer to control the ship speed. The designed observer is used to reconstruct the ship speed in order to complete the control strategy. It has been shown from the simulated results that the proposed estimated state feedback optimal control permits the regulation of the ship speed which converges exactly to the imposed reference.
